Metabotropic glutamate receptors (mGluRs) act as modulators in the CNS of vertebrates, but their role in motor pattern generation in particular is primarily unknown. The intracellular signaling mechanisms of the group I mGluRs (mGluR1 and mGluR5), and their endogenous role in regulating locomotor pattern generation have been investigated in the spinal cord of the lamprey. Application of the group I mGluR agonist (R,S)-3,5-dihydroxyphenylglycine (DHPG) produced oscillations of the intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) in neurons. The oscillations were blocked by the mGluR5 antagonist 2-methyl-6-(phenylethynyl)pyridine (MPEP) but not by the mGluR1 antagonist 7-(hydroxyimino)cyclopropa [b] The generation of coordinated motor patterns involves not only the fast-acting ionotropic receptors but also the relatively slow metabotropic receptors. The role of ionotropic glutamate receptors in spinal locomotor networks has been studied extensively (Cazalets et al., 1992; Grillner et al., 1998; Reith and Sillar, 1998; Kiehn et al., 2000) . However, there is limited knowledge about the contribution of metabotropic glutamate receptors (mGluRs) in locomotor pattern generation. mGluRs with pharmacological characteristics corresponding to groups I, II, and III exist in the lamprey, a lower vertebrate experimental model (Krieger et al., 1996 (Krieger et al., , 1998 Cochilla and Alford, 1998) . Activation of postsynaptic group I mGluRs can increase intracellular calcium concentration ([Ca 2ϩ ] i ), potentiate NMDA-induced responses, and modulate the frequency of the locomotor rhythm (Krieger et al., 2000) . These mGluRs appear not to have a major role in the generation of the basic locomotor rhythm, but they play a role in its modulation (Krieger et al., 1998) .
Metabotropic glutamate receptors (mGluRs) act as modulators in the CNS of vertebrates, but their role in motor pattern generation in particular is primarily unknown. The intracellular signaling mechanisms of the group I mGluRs (mGluR1 and mGluR5), and their endogenous role in regulating locomotor pattern generation have been investigated in the spinal cord of the lamprey. Application of the group I mGluR agonist (R,S)-3,5-dihydroxyphenylglycine (DHPG) produced oscillations of the intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) in neurons. The oscillations were blocked by the mGluR5 antagonist 2-methyl-6-(phenylethynyl)pyridine (MPEP) but not by the mGluR1 antagonist 7-(hydroxyimino)cyclopropa [b] chromen-1a-carboxylate ethyl ester. These [Ca 2ϩ ] i oscillations were abolished by a phospholipase C blocker and after depletion of internal Ca 2ϩ stores by thapsigargin but did not involve protein kinase C activation. Furthermore, they were dependent on Ca 2ϩ influx, because no [Ca 2ϩ ] i oscillations were produced by DHPG in a Ca 2ϩ -free solution or after blockade of L-type Ca 2ϩ channels. The mGluR5 is activated by an endogenous release of glutamate during locomotion, and a receptor blockade by MPEP caused an increase in the burst frequency. Thus, our results show that mGluR5 induces [Ca 2ϩ ] i oscillations and regulates the activity of locomotor networks through endogenous activation.
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The generation of coordinated motor patterns involves not only the fast-acting ionotropic receptors but also the relatively slow metabotropic receptors. The role of ionotropic glutamate receptors in spinal locomotor networks has been studied extensively (Cazalets et al., 1992; Grillner et al., 1998; Reith and Sillar, 1998; Kiehn et al., 2000) . However, there is limited knowledge about the contribution of metabotropic glutamate receptors (mGluRs) in locomotor pattern generation. mGluRs with pharmacological characteristics corresponding to groups I, II, and III exist in the lamprey, a lower vertebrate experimental model (Krieger et al., 1996 (Krieger et al., , 1998 Cochilla and Alford, 1998) . Activation of postsynaptic group I mGluRs can increase intracellular calcium concentration ([Ca 2ϩ ] i ), potentiate NMDA-induced responses, and modulate the frequency of the locomotor rhythm (Krieger et al., 2000) . These mGluRs appear not to have a major role in the generation of the basic locomotor rhythm, but they play a role in its modulation (Krieger et al., 1998) .
This group consists of two receptor subtypes (mGluR1 and mGluR5) that elevate the levels of inositol triphosphate (IP 3 ) through the activation of phospholipase C (PLC) (Pin and Duvoisin, 1995; Anwyl, 1999; Fagni et al., 2000) . Although these two subtypes commonly use a similar signal transduction pathway, their activation may result in different patterns of the [Ca 2ϩ ] i response. In expression systems, mGluR1 elicits a single-peaked nonoscillatory [Ca 2ϩ ] i response, whereas mGluR5 elicits oscillations (Kawabata et al., 1996; Nakanishi et al., 1998) . In contrast, an activation of native mGluR5 in neurons induces different cellular effects. In hippocampus neurons, mGluR5 elicits a singlepeaked [Ca 2ϩ ] i response (Rae et al., 2000) , whereas it induces [Ca 2ϩ ] i oscillations in the neocortex (Flint et al., 1999) . In neurons of the subthalamic nucleus, mGluR5 potentiates NMDA receptor currents (Awad et al., 2000) .
In this study, we investigated which group I mGluR subtype mediates the [Ca 2ϩ ] i increase and the underlying intracellular signal transduction pathway. We also compared the pharmacology of this subtype with that inducing the potentiation of NMDA responses. Finally, we examined whether the group I mGluR subtype mediating a [Ca 2ϩ ] i increase is endogenously activated during locomotion. Our results show that activation of mGluR5 induces [Ca 2ϩ ] i oscillations that do not require protein kinase C (PKC) activation, but depend on Ca 2ϩ entry through L-type channels. Thus, in lamprey spinal cord neurons the two subtypes of group I mGluRs have different cellular effects; mGluR1 potentiates NMDA receptors and mGluR5 induces [Ca 2ϩ ] i oscillations. These two receptor subtypes are activated by endogenous release of glutamate during locomotion and mediate opposite effects on the frequency of the locomotor rhythm.
MATERIALS AND METHODS
Cell dissociation. Larval lampreys (Petromyzon marinus) were anesthetized with tricaine methane sulfonate (MS222; 100 mg / l) and the spinal cord was isolated in cooled oxygenated physiological solution. To identif y motoneurons (M Ns), fluorescein-coupled dextran amine (F DA) was applied before dissociation into muscle tissue along the entire length of the preparation after cutting all dorsal roots to allow the transport of the dye only through the ventral roots, thus retrogradely labeling M Ns. The dissociation was performed in Leibovitz's L -15 culture medium (Sigma, St. L ouis, MO) supplemented with penicillin -streptomycin (2 l /ml), with the osmolarity adjusted to 270 mOsm (El Manira and Bussières, 1997). The spinal cord was incubated for 30 min in collagenase (1 mg /ml; Sigma) and then in protease for 45 min (2 mg /ml; Sigma). The tissue was subsequently washed with the culture medium and triturated through a sterilized pipette. The supernatant containing the dissociated cells was distributed in 10 -12 Petri dishes (35 mm) and incubated at 10 -12°C for 1-4 d.
Calcium imag ing. Before calcium imaging, the dissociated cells were incubated at room temperature for 1-2 hr with Fluo-4/acetoxymethyl (AM) (5 M; Molecular Probes, Eugene, OR) added to the medium. The same procedure was used to load F DA-labeled M Ns with Fluo-4/AM after identification. After removal of the incubation medium, the cells were perfused with a solution containing (in mM): 124 NaCl, 2 KCl, 1.2 MgCl 2 , 5 CaCl 2 , 10 glucose, and 10 HEPES, with pH adjusted to 7.6. The following drugs were tested: (R,S)-3,5-dihydroxyphenylglycine (DHPG), 7-(hydroxyimino)cyclopropa [b] chromen-1a-carboxylate ethyl ester (C PCC OEt), 2-methyl-6-(phenylethynyl)pyridine (MPEP), thapsigargin, 1-(5-isoquinolinesulfonyl)-2-methylpiperazine (H-7), ryanodine, nimodipine, staurosporine, and -conotoxin GVIA (-CgTx). DHPG, CPCCOEt, and MPEP were purchased from Tocris Cookson (Bristol, UK). Thapsigargin, H-7, ryanodine, and nimodipine were purchased from Research Biochemicals (Natick, MA); staurosporine and U-73122 were supplied by Labkemi (Stockholm, Sweden); and -CgTx was obtained from Peptides International (Herts, UK). Unless stated otherwise, DHPG was added to the perfusing solution for 3 min at a concentration of 100 M. The effect of CPCCOEt, MPEP, thapsigargin, H-7, ryanodine, staurosporine, and nimodipine on the DHPG-induced [Ca 2ϩ ] i response was tested using two parallel series of cultured neurons from the same dissociation, one representing controls and the other preincubated with the different drugs.
The 488 nm line of an argon laser was used for excitation of Fluo-4/AM with an emission filter passing wavelengths of Ͼ515 nm. The loaded cells were visualized using a confocal laser scanner (Odyssey; Noran Instruments, Middleton, W I) with 10ϫ (0.25 NA) or 20ϫ (0.40 NA) objectives (Nikon, Tokyo, Japan) attached to a Nikon Diaphot inverted microscope. Brightness-over-time plots were generated by sampling (7-15 Hz) the averaged intensity within a manually specified region of interest within the cell soma. Analyses of the brightness-over-time data were performed with pC lamp (Axon Instruments, Foster C ity, CA). The imaging experiments were typically done on three to seven cells in each dish, in the same field of view, and on several dishes from the same dissociation. The unidentified neurons included in this study were monopolar and had a small diameter corresponding primarily to M Ns and interneurons. The mechanosensory dorsal root ganglion cells were not included. Changes in fluorescence (⌬F ), which is a measure of changed intracellular calcium concentration, were normalized to the resting fluorescence levels (F rest ) of the cells, and the fluorescence from a region that did not include dye-filled neurons (F background ) was subtracted. Thus, the fluorescence data are presented as ⌬F/F ϭ ⌬F/(F rest Ϫ F background ).
The percentage values reported in the text and figures were calculated as the average of the number of cells with DHPG-induced calcium oscillations per total number of cells in that particular dish. The data are presented as means Ϯ SD; n ϭ the total number of neurons tested.
When two parallel series of cultured cells were used, the difference between the proportion of cells displaying calcium oscillations in control dishes and in preincubated dishes was tested with Fisher's exact test to determine any relationship between the two experimental conditions. The reported p value is double the single-sided p. Fisher's exact test was performed with an on-line calculator provided by SISA (http:// home. clara.net /sisa / binomial.htm). When the same cells were used as controls and test subjects, the statistical significance was tested with McNemar's test to compare paired groups, performed with an on-line calculator provided by GraphPad (GraphPad Software, San Diego, CA).
Electrophysiolog y. Whole-cell recordings were performed from neurons in culture using an Axopatch 200A patch-clamp amplifier (Axon Instruments). The cells were perf used through a gravity-driven multibarreled microperf usion system placed close to the recorded cell. Neurons had a resting membrane potential between Ϫ60 and Ϫ55 mV. The effect of DHPG was tested in control solution and in the presence of the mGluR1 antagonist C PCC OEt. The control solution contained (in mM): 124 NaC l, 2 KC l, 1.2 MgC l 2 , 5 CaCl 2 , 10 glucose, and 10 H EPES, with pH adjusted to 7.6. For whole-cell recordings, the pipettes were filled with a solution containing (in mM): 113 KCH 3 SO 3 , 1.2 MgC l 2 , 10 glucose, and 10 H EPES, with pH adjusted to 7.6 with KOH. Data acquisition and analysis were performed with pC lamp software.
E xtracellular measurements of ventral root activity were performed on the isolated spinal cord in vitro. The preparation was mounted in a cooled (8 -12°C) homemade Sylgard-lined chamber that was continuously perf used with an extracellular solution of the following composition (in mM): 138 NaC l, 2.1 KC l, 1.8 C aC l 2 , 1.2 MgC l 2 , 4 glucose, 2 H EPES, and 0.5 L-glutamine, bubbled with O 2 , pH adjusted to 7.4. Fictive locomotion was induced by bath application of NMDA (100 M). The cycle duration was calculated as the time between midpoints of two successive bursts and averaged over 60 -120 cycles. In these experiments, n ϭ the number of animals. The analysis of the locomotor rhythm was performed with DATA-PAC (Run Technologies, Laguna Hills, CA).
RESULTS mGluR5 activation causes calcium oscillations in spinal cord neurons
The group I mGluR agonist DHPG (100 M) was applied to lamprey spinal cord neurons loaded with Fluo-4/AM. On average, 83.2 Ϯ 27.0% of the neurons in a single dish (n ϭ 150; 35 dishes) exhibited oscillations in the intracellular free calcium concentration ([Ca 2ϩ ] i ) (Fig. 1 ). Figure 1 A shows the changes in [Ca 2ϩ ] i in a single neuron loaded with Fluo-4/AM as revealed by the change in fluorescence during the application of DHPG. The different images were acquired at 0, 10, 30, and 40 sec. The fluorescence pattern revealed that DHPG induced [Ca 2ϩ ] i oscillations ( Fig.  1 A,B) , with the first and third frames showing low [Ca 2ϩ ] i , whereas the second and fourth frames display high [Ca 2ϩ ] i . The oscillatory response normally lasted during the entire recording period, occurred in a range from 0.2 to 4 min after the start of DHPG application, and was also elicited by consecutive applications of the agonist (Fig. 1 B) . The frequency of the DHPGinduced [Ca 2ϩ ] i oscillatory response showed a large variation between neurons and ranged between 0.005 and 0.033 Hz (n ϭ ] i oscillations in response to DHPG (n ϭ 9 of 11; eight dishes).
The above results show that activation of group I mGluRs produces [Ca 2ϩ ] i oscillations in lamprey spinal cord neurons. To determine the pharmacological profile of the receptors responsible for these oscillations, the mGluR1-specific antagonist CPCCOEt (Annoura et al., 1996; Casabona et al., 1997 ) and mGluR5-specific antagonist MPEP were used. Figure 1C shows a neuron in which application of DHPG in the presence of MPEP did not induce any [Ca 2ϩ ] i response. However, reapplication of DHPG after washout of MPEP elicited [Ca 2ϩ ] i oscillations in the same cells. In total, only 17.1 Ϯ 17.8% of the neurons per dish (6 of 37 neurons; seven dishes) responded to DHPG in the presence of MPEP (100 M) (Fig. 1 D) . In these, cases the DHPG-induced calcium response consisted of a single peak. After washout of MPEP, DHPG induced [Ca 2ϩ ] i oscillations in 87.0 Ϯ 21.1% of the neurons per dish (31 of 37 cells; seven dishes; p Ͻ 0.001 comparing the effect of DHPG alone with that of DHPG in the presence of MPEP). The effect of CPCCOEt on DHPG-evoked [Ca 2ϩ ] i oscillations was also examined (Fig. 1 E) . In control dishes, 93.1 Ϯ 13.7% of neurons (25 of 28; nine dishes) showed [Ca 2ϩ ] i oscillations, compared with 92.4 Ϯ 17.4% of neurons (33 of 35, 11 dishes) in dishes preincubated for 30 min with CPCCOEt (100 M; p Ͼ 0.1). These results indicate that DHPG-induced [Ca 2ϩ ] i oscillations are attributable to an action on an MPEP-sensitive, CPCCOEt-insensitive group I mGluR (i.e., mGluR5). Application of DHPG in the presence of CPCCOEt did not induce any change in the membrane potential of spinal neurons in culture, recorded using whole-cell patch clamp (data not shown). This is in accordance with the lack of an effect of DHPG on the membrane potential of neurons recorded in the intact spinal cord in the presence of TTX (Krieger et al., 2000) .
DHPG induces [Ca 2؉ ] i oscillations by a PLC-dependent release from internal stores
The intracellular pathway underlying [Ca 2ϩ ] i oscillations was investigated by using a PLC blocker and by depleting the intracellular Ca 2ϩ stores. Figure 2 A shows a neuron in which DHPG application induced an oscillatory response, which was abolished by applying the PLC blocker U-73122 (0.5-1 M). DHPG elicited [Ca 2ϩ ] i oscillations in 56.3 Ϯ 34.7% (23 of 40 cells tested; eight dishes) of the neurons in control dishes. After a 3 min application of U-73122, oscillations occurred only in 27.0 Ϯ 33.4% neurons (10 of 40 cells; eight dishes; p Ͻ 0.001), and after 9 min the blocker completely abolished the oscillations in all neurons (Fig. 2 B) .
The source of the calcium underlying the DHPG-induced oscillations was examined by using thapsigargin, which depletes internal Ca 2ϩ stores by blocking the Ca 2ϩ pumps (Thastrup et al., 1990) . Parallel series of experiments were performed on neurons from the same dissociation; one served as a control and the other was preincubated for 45 min with thapsigargin (1 M). In the controls, the application of DHPG induced [Ca 2ϩ ] i oscillations in all neurons tested (n ϭ 23; five dishes), whereas no oscillations were elicited in neurons preincubated with thapsigargin (n ϭ 12; three dishes) (Fig. 2C) . This finding suggests that these Ca 2ϩ oscillations are mediated by release from internal stores. Furthermore, the DHPG-induced [Ca 2ϩ ] i oscillations were not blocked by ryanodine (100 M; 45 min preincubation), which blocks the ryanodine receptors at high concentrations. DHPG induced [Ca 2ϩ ] i oscillations in 100% of the cells in controls (n ϭ 18; four dishes) and in 91.7 Ϯ 14.4% of the cells preincubated for 45 min with ryanodine (100 M; n ϭ 9; four dishes; p Ͼ 0.1; data not shown).
The involvement of PKC in the signaling pathway underlying DHPG-induced [Ca 2ϩ ] i oscillations was also tested using the PKC blockers H-7 (10 M; 30 min preincubation) and staurosporine (2 M; 30 min preincubation). However, the oscillations could not be blocked by either of the two PKC inhibitors. In controls, 55.8 Ϯ 38.0% of the cells showed oscillations (21 of 43 cells tested; nine dishes) in comparison with 57.2 Ϯ 30.3% of the H-7-treated cells (8 of 17 cells tested; four dishes) ( p ϭ 0.7). In dishes preincubated with staurosporine, [Ca 2ϩ ] i oscillations were elicited in 77.6 Ϯ 25.4 of the cells (22 of 27 cells tested; five dishes) compared with 71.4 Ϯ 25.4% in controls (15 of 18 cells tested; four dishes; p Ͼ 0.1). Therefore, the oscillatory response induced by mGluR5 activation is not mediated by ryanodine receptors and does not involve PKC activation; thus, it may derive from the mobilization of Ca 2ϩ from internal stores via an activation of IP 3 receptors.
Calcium influx through L-type channels is necessary for the production of DHPG-induced [Ca 2؉ ] i oscillations
The importance of extracellular Ca 2ϩ in the generation of [Ca 2ϩ ] i oscillations by DHPG was examined using Ca 2ϩ -free solution and antagonists of voltage-gated Ca 2ϩ channels. In con- trol dishes, DHPG induced [Ca 2ϩ ] i oscillations, but after switching to a Ca 2ϩ -free solution, reapplication of DHPG did not induce any calcium response (Fig. 3A) (n ϭ 15; four dishes). This indicates that extracellular Ca 2ϩ is necessary for the production of [Ca 2ϩ ] i oscillations in spinal cord neurons. To determine whether the extracellular Ca 2ϩ contributes to the generation of the DHPG response by entering through voltage-gated channels, specific blockers were used. Parallel series of experiments were done; one series served as a control and the other was preincubated with Ca 2ϩ channel antagonists. Blockade of L-type channels by nimodipine (10 M) abolished the [Ca 2ϩ ] i oscillations induced by DHPG (Fig. 3B) . In control dishes, 80.0 Ϯ 28.3% of the neurons tested (n ϭ 10; two dishes) exhibited oscillatory responses to DHPG application (Fig. 3C) , whereas only 14.5 Ϯ 17.1% of the neurons preincubated with nimodipine showed [Ca 2ϩ ] i oscillations (n ϭ 12; four dishes; p ϭ 0.01) (Fig. 3C) . Blockade of N-type channels by -CgTx (1 M) did not affect the DHPG-induced [Ca 2ϩ ] i oscillations. In control dishes, 73.3 Ϯ 34.1% of the neurons tested (n ϭ 13; three dishes) displayed [Ca 2ϩ ] i oscillations in response to DHPG, compared with 70.0 Ϯ 10.0% of neurons (n ϭ 7) in dishes (n ϭ 3) preincubated with -CgTx ( p Ͼ 0.1) (Fig. 3C ).
Endogenous activation of mGluR5 during locomotor network activity
To test whether endogenously released glutamate activates this receptor subtype during locomotion, the mGluR5 antagonist MPEP was used. Locomotor rhythm was induced in all experiments in a spinal cord preparation by NMDA (100 M). An application of MPEP (50 -100 M) (Fig. 4 A) reversibly increased the frequency of the locomotor rhythm from 2.0 Ϯ 0.2 Hz to 2.7 Ϯ 0.6 Hz (Fig. 4 B,C) (n ϭ 7; p Ͻ 0.05). We subsequently examined whether MPEP affects the increase in locomotor frequency induced by the mGluR1 and mGluR5 agonist DHPG (Krieger et al., 1998) . Figure 5 shows an experiment in which application of DHPG increased the locomotor frequency that persisted in the presence of MPEP. This indicates that the increase in frequency is not mediated by mGluR5 but rather by mGluR1. This mGluR subtype is activated by endogenously released glutamate, because application of the mGluR1 antagonist CPCCOEt alone decreases the frequency of the locomotor rhythm (Krieger et al., 1998) . The DHPG-increased locomotor frequency was not significantly ( p Ͼ 0.1) different in the controls (from 2.1 Ϯ 0.6 Hz to 3.0 Ϯ 0.7 Hz) and with MPEP (from 2.4 Ϯ 0.4 Hz to 3.1 Ϯ 0.7 Hz) (n ϭ 7) (Fig.  5B) . Thus, these results show that mGluR5 is activated during locomotion and that the two subtypes of group I mGluRs produce opposite effects on the frequency of the locomotor rhythm.
DISCUSSION
We have shown that activation of group I mGluRs by DHPG induces [Ca 2ϩ ] i oscillations in lamprey spinal cord neurons. These oscillations were blocked by the mGluR5 antagonist MPEP but not by the mGluR1 antagonist CPCCOEt. In addition to producing [Ca 2ϩ ] i oscillations, DHPG potentiates NMDA responses and increases the frequency of the locomotor rhythm induced by NMDA in the intact spinal cord of the lamprey (Krieger et al., 2000) . The latter two effects are blocked by CPCCOEt, which when applied alone decreases the frequency of the locomotor rhythm. In contrast, blockade of mGluR5 by MPEP increases the frequency (Fig. 4) . Because CPCCOEt at the concentration used in this study has been shown to block mGluR1 (Annoura et al., 1996; Casabona et al., 1997; Litschig et al., 1999) , whereas MPEP antagonizes mGluR5 , our results show that mGluR5 induces [Ca 2ϩ ] i oscillations and decreases locomotor frequency, whereas mGluR1 interacts with NMDA receptors and increases the frequency of the locomotor rhythm. The mGluR5 had only a nonsignificant effect on locomotor frequency in the presence of DHPG (Fig. 5) , whereas it significantly increased the frequency by blocking the effect of the endogenously released glutamate (Fig. 4) . Thus, MPEP appears to be more potent in blocking the activation of mGluR5 by endogenous glutamate than by DHPG on locomotor frequency. This suggests that the DHPG-induced modulation of the locomotor rhythm is mediated primarily by activation of mGluR1 or that the potency of MPEP during fictive locomotion depends on the agonist used to activate mGluR5. Such an agonist-dependent antagonism has been shown using different antagonists on mGluR5 in expression systems (Brabet et al., 1995; Doherty et al., 1999) . mGluR5-mediated [Ca 2ϩ ] i oscillations have been reported in astrocytes (Nakahara et al., 1997) and in developing neocortical neurons (Flint et al., 1999) . The underlying mechanisms have been examined previously only in transfected cells (Kawabata et al., 1996) . The mGluR5 possesses a regulatory PKC phosphorylation site and is also coupled to PLC to produce both DAG and IP 3 on its activation. IP 3 increases [Ca 2ϩ ] i by release of Ca 2ϩ from internal stores, whereas DAG leads to PKC activation that can phosphorylate mGluR5 and thus uncouple the receptor from the intracellular transduction pathway, leading to a decrease in [Ca 2ϩ ] i levels. The uncoupling of the mGluR5 from PLC decreases the production of DAG and thereby the activation of PKC and the phosphorylation of the receptor. This enables the recep- tor to couple to its signal transduction pathway again, and a new cycle of [Ca 2ϩ ] i oscillations starts. In transfected cells, the oscillations are blocked by PKC inhibitors and persist in the presence of a Ca 2ϩ -free solution, indicating that they are not dependent on extracellular Ca 2ϩ (Kawabata et al., 1996 ] i signal transduction pathway, they are both expected to release Ca 2ϩ from internal stores. However, this appears not to be the case in these neurons. A possible explanation could be that the strength of hydrolysis of polyphosphoinositide (PPI) is different for the MPEP-sensitive and CPCCOEt-sensitive group I mGluRs found in lamprey spinal cord neurons. Such a difference has been shown in the rat brain, in which mGluR1 couples less efficiently than mGluR5 to PPI hydrolysis (Casabona et al., 1997 (Greenberg et al., 1992) , or Ca 2ϩ -dependent ion channels (e.g., K C a ) (Fiorillo and Williams, 1998) . It has been shown recently in ventral midbrain dopamine neurons that the mGluR1-induced increase in [Ca 2ϩ ] i activates an apamin-sensitive K C a conductance, leading to a slow IPSP (Fiorillo and Williams, 1998) . Activation of mGluR5 by DHPG in the presence of the mGluR1 antagonist CPCCOEt did not induce any changes in the membrane potential of spinal cord neurons in culture. Furthermore, we have shown previously that application of DHPG in the presence of TTX had no effect on the membrane potential of neurons in the intact spinal cord (Krieger et al., 2000) . Together these results suggest that the [Ca 2ϩ ] i increase induced by 
